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EFFECTS EVALUATION - RULISON EVENT 

1 .,O INTRODUCTION 

P r o j e c t  Rul ison,  l o c a t e d  i n  G a r f i e l d  County, Colorado, (Figure '1)  , 
i s  a  j o i n t  industry-Government n u c l e a r  g a s  s t i m u l a t i o n  experiment i n  

, . 

t h e  Plowshare Program. The p r o j e c t  ; sponsored by A u s t r a l  O i l  Company, 

Inc. of  Houston, Texas w i t h  CER Geonuclear Corpora t ion  o f  Las Vegas, 

Nevada a s  Program Manager, is d e f i n e d  i n  t h e  P r o j e c t  Rul ison Def in i t ion  

1 / i 
Plan-prepared by CER Geonuclear Corporat ion.  The E f f e c t s  Evaluation 

Report  was prepared by D r .  R. .Lee Aamodt of  Los Alamos S c i e n t i f i c  

Labora tory  and M r .  Richard A. Johnson o f  t h e  E f f e c t s  Evaluat ion Division 

NVOO, w i th  p r e d i c t i o n s ,  a p p r a i s a l s  and program d e s c r i p t i o n s  cont r ibuted  

by Environmental Research Corpora t ion ,  John A. Blume & Associa tes  

Research Div i s ion ,  U, S. Geologica l  Survey, U. S. Bureau of  Mines, 

B a t t e l l e  Memorial I n s t i t u t e ,  ESSA/U. S. Coast  and Geodetic  Survey, 

ESSA/Air Resources Labora tory ,  U. S. Pub1 i c  Hea l th  S e r v i c e ,  and 

I s o t o p e s ,  A Teledyne Company. 

The Rul i son  p r o j e c t  i s  reviewed formal ly  by t h r e e  NVOO eva lua t ion  

groups.  The T e s t  Eva lua t ion  Panel  (TEP) reviews t h e  containment 

a s p e c t s  ( r e l e a s e  of r a d i o a c t i v i t y  t o  t h e  atmosphere)  o f  t h e  p ro jec t  

and t h e  S a f e t y  Panel  of C o n s u l t a n t s  reviews t h e  o v e r - a l l  environmental 

s a f e t y  e f f o r t s  e x c l u s i v e  o f  containment.  The TEP e v a l u a t i o n  i s  c i t e d  

i n  paragraph 3.4. The S a f e t y  Panel  of Consu l t an t s  r w ' i e w  i s  

inc luded  as Appendix A. The Nuclear  S a f e t y  Study Group performs 
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1.0 INTRODUCTION (cont 'd) 

a review of the  assembly, t r anspor ta t ion ,  emplacement and f i r i n g  

phases  of the  nuclear  operat ion.  Plans f o r  the  assembly and 

t r a n s p o r t a t i o n  of the  Rulison explosive t o  the  emplacement s i t e  

have been reviewed and approved. Plans f o r  emplacing and f i r i n g  

have been considered by the  group and should be approved shor t ly .  A 

s i t e  inspec t ion  w i l l  be made i n  l a t e  Apri l .  

2 .0 CURRENT TECHNICAL EVENT DATA 

Readiness Date : May 22, 1969 

Yield : Design 40KT 

Max. Cred. 

Depth of  Burial  : 8430 f e e t  

Scaled  Depth of Burial  :* 1 /3 
2,465 f t / k t  (design) 

Geologic 'Environment: 

1 /3 
2,151 f t / k t  (max. cred.) 

Mesaverde Shale/Sandstone 

3.0 EFFECTS PREDICTIONS AND EVALUATIONS 

3.1  Ground Motion 

P r e d i c t i o n s  have been developed by the  Environmental Research 

Corporat ion (ERC) f o r  the  Rulison design y i e l d  of 40KT and fo r  

*Nevada Tes t  S i t e  (NTS) c r i t e r i a . f o r  s a f e t y  a g a i n s t .  ease of r a d i o a c t i v i t y  f73 ca l l  f o r  s c a l e d  depths of  b u r i a l  of 350 t o  450 f t l k t  . Rulison has a .  sa fe ty  
f a c t o r  o f  5 times t h i s  value.  



Predicted Peak Horizontal . ~ccelerat~on versus D~stance, Rullson 
Event, 4 0 k t  and 60kt  Y~elds 

- 4 -  F i g .  2 



3.1 Ground '&t ion (cont 'd)  

2 /  
the maximum y i e l d  of 60KT. The p r e d i c t i o n s  a r e  based on t h e  

assumption t h a t  ground motions from t h e  Rul ison d e t o n a t i o n  

(Piceance Creek Basin) w i l l  be s i m i l a r  t o  those  from the  Gasbuggy 

detonat ion  (San Juan Basin) because of t h e  s i m i l a r i t y  o f  the  

geologic environments i n  which each e x p l o s i v e  is emplaced. 

Data from t h e  Gasbuggy s t a t i o n s  l o c a t e d  on hardrock and a l luv ium 

were grouped t o g e t h e r  a s  l i t t l e  o r  no a m p l i f i c a t i o n  of motion was 

.observed a t  a l luvium s t a t i o n s .  However, a m p l i f i c a t i o n  o f  r e s u l t a n t  

ground motion a t  the  Rulison s t a t i o n s  l o c a t e d  o n  t h i c k e r  a l luvium 

nay occur a s  i s  the  case  w i t h  underground d e t o n a t i o n s  a t  the  NTS. 

Therefore, p r e d i c t i o n s  of a c c e l e r a t i o n ,  v e l o c i t y  and displacement 

f o r  l o c a t i o n s  wi th  200 f e e t  o r  more of a l luv ium were made u s i n g  

a hardrock-al luvium ampl i f i ca t ion  r a t i o  developed on t h e  b a s i s  

of NTS exper ience .  P r e d i c t i o n s  of  peak h o r i z o n t a l  a c c e l e r a t i o n s  

a t  l o c a t i o n s  of i n t e r e s t  a r e  shown on F igure  2.  

. . 
S t r u c t u r a l  Response 

Based on t h e  p r e d i c t i o n s  of ground motions as desc r ibed  i n  

Paragraph 3.1, John A. Blume & A s s o c i a t e s  Research Divison 

(JAB) has  prepared an inventory  of s t r u c t u r e s  w i t h i n  a r a d i a l  

d i s t ance  of 15.0 miles from t h e  d e t o n a t i o n  p o i n t  (Figure  3) 

and have g e n e r a l l y  surveyed t h e  s t r u c t u r a l  popu la t ion  o u t  t o  

31 
d i s t ances  of  about  60 miles.- Canyon and v a l l e y  s e c t i o n s  w i t h  

slope a r e a s  o r  c l i f f s  which may no t  be s t a b l e  under t h e  dynamic 
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3.2 S t r u c t u r a l  Response (cont  ' d )  

a c t i o n  o f  t h e  ground motion ,have been i d e n t i f i e d  (Sect ion  5.0).  

. The response  of i r r i g a t i o n  f a c i l i t i e s ,  dams and r e s e r v o i r s  t o  

t h e  r e s u l t i n g  ground motion h a s  a l s o  been e v a l u a t e d  (Paragraph 3.11). 

The Blume o r g a n i z a t i o n  h a s  begun p r e l i m i n a r y  work on a  d e t a i l e d  

c o n d i t i o n  survey o f  many o f  t h e  s t r u c t u r e s  i n  t h e  v i c i n i t y  o f  

t h e  s h o t ,  s e l e c t i n g  t h e  gre 'a ter  number near  t h e . d e t o n a t i o n  s i t e  

and reduc ing  t h e  number t o  be  e v a l u a t e d  a s  p r e d i c t e d  ground motion 

from t h e  d e t o n a t i o n  becomes less.  Current  p r e d i c t i o n s  f o r  t h e  

maximum y i e l d  a r e  t h a t  t h e  c o s t  o f  b r a c i n g  t o  minimize damage w i l l  

be approximate ly  $9,000, t h a t  approximate ly  300 compla in ts  o f  . 

damage r y y  be rece ived  as a . r e s u l t  of t h e  d e t o n a t i o n  and t h a t  t h e  

r e s u l t i n g  payment of  damage c l a i m s  could  amount t o  about  

4 /  - 
$130,000 .- 

/ 3.3  Ground Water Contamination 

To d e f i n e  t h e  hydrologic  regime f o r  t h e  d e t o n a t i o n ,  t h e  U. S. 

. Geologica l  Survey (USGS) p a r t i c i p a t e d  i n  t h e  hydro log ic  t e s t i n g  
/ 

of the  e x p l o r a t o r y  hole .  

A f t e r  i n s t a l l a t i o n  of t h e  c a s i n g  hydro log ic  t e s t s  were performed 

by p e r f o r a t i n g  and recementing t h e  c a s i n g  a t  dep ths  below 6,000 

f e e t  from t h e  s u r f a c e . ,  A 1 1  zones t h a t  produced any wa te r  d u r i n g  



3.3 Ground Water Contamination (cont  'd) 

d r i l l i n g  o r  i n  which geophys ica l  l o g s  suggested the  p o s s i b i l i t y  

o f  wa te r  were e v a l u a t e d  i n  t h i s  manner. Small amounts of l i q u i d  

t h a t  were recovered were ana lyzed  by t h e  USGS and determined t o  

a r i s e  mostly from the  i n i t i a l  d r i l l i n g -  and cementing opera t ions .  

The USGS conc lus ion  was t h a t  l i t t l e  o r  no mobile water  occurs 

i n  t h e  Ohio Creek Conglomerate and Mesaverde Group, which a re  t h e  

5 1 
s t r a t i g r a p h i c  u n i t s  most  l i k e l y  t o  y i e l d  wa te r  t o  t h e  hole.' 

The u s u a l  s tudy  o f  t r a n s p o r t  of r a d i o a c t i v i t y  through underground 

water  movement performed by Isotopes-A Teledyne Company could n o t  

be  c a r r i e d  o u t  because of l a c k  o f  documentation o f  any flow. The i r  

estimates, based on reasonab le  b u t  c o n s e r v a t i v e  assumptions, w e r e  

t h a t  t h e  p r o b a b i l i t y  o f  t r ansmiss ion  o f  g r e a t e r  than MPC l e v e l s  

o f  r a d i o a c t i v i t y  i n  t h e  underground wa te r  t o  any known use p o i n t  

6 /  
i s  ext remely  remote.- 

I n  t h e  u n l i k e l y  even t  o f  v e n t i n g  of  gaseous d e b r i s ,  t r i t i u m  could 

be in t roduced i n t o  t h e  s u r f a c e  water .  Therefore ,  sp r ings  and 

w e l l s  i n  t h e  v i c i n i t y  o f  t h e  Rul ison S i t e  have been sampled by 

t h e  USGS (Figure  4 d e p i c t s  a l l  w e l l s  and 90% of t h e  spr ings  

l o c a t e d  w i t h i n  6 m i l e s .  A f t e r  t h e  snow mel t  t h e  remaining s p r i n g s  

w i l l  be loca ted  and sampled). Corresponding samples w i l l  be taken 

a f t e r  t h e  even t .  



W A T E R  WELLS AND SPRINGS IN T H E  VICINITY OF T H E  RULISON PROJECT 

U. S. GEOLOGICAL S U R V E Y  INVENTORY M A R C H  17-28. 1969  

S C A L E  1 :250,000 

W e l l  
Spring 

>( Indicates more than one 

I spring at  location 
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3.3 Ground Water Contaminat ion  ( con t ' d )  

Near s u r f a c e  w a t e r  w i l l  be  moni tored  a s  long as neces sa ry  a f t e r  

t h e  e v e n t  i n  a  w e l l  d r i l l e d  down h y d r a u l i c  g r a d i e n t  from s u r f a c e  

ground z e r o .  

'3.4 Containment 

A g e o l o g i c  c r o s s  s e c t i o n  o f  t h e  emplacement h o l e  i s  shown i n  

F i g u r e  5. P r e d i c t i o n s  o f  c l o s e - i n  p h y s i c a l  e f f e c t s  o f  t h e  d e t o n a t i o n  are 

2 1  - 
t a b u l a t e d  i n  Table 1. 

TABLE 1 

SUMMARY OF PHENOMENOLOGY AND 
CONTAINMENT PREDICTIONS 

P r e d i c t i o n -  -- Maximum Yield Design Yield 

C a v i t y  Radius 82-122 f e e t  72-108 f e e t  

Cracking  Radius 440-660 f e e t  390-580 f e e t  

Maximum Radius o f  Gamma 
R a d i o a c t i v i t y  

Above W .Pa 

Below W.P. 

160-280 f e e t  145-254 f e e t  

110-178 f e e t  100-161 f e e t  

Chimney Height  340-510 f e e t  301-451 f e e t  

The d e p t h  o f  b u r i a l  f o r  t h i s  d e v i c e  is f i v e  t imes  t h a t  which has  

been  u t i l i z e d  s u c c e s s f u l l y  at the NTS t o  c o n t a i n  underground n u c l e a r  

d e t o n a t i o n s .  The g e o l o g i c  s t r u c t u r e  i n  t h e  v i c i n i t y  o f  t h e  d e t o n a t i o n  

h a s  been s t u d i e d  and n o  d i sp l acemen t s  o r  t r a c e s  o f  f a u l t i n g  were 

found. The re fo re ,  t h e  p r o t a b i l i t y  of r e l e a s e  o f  r a d i . o a c t i v i t y  t o  



P R O J E C T  RULISON . 

GENERALIZE D GEOLOGIC CROSS SECTION 



3.4 Containment ( con t ' d )  

the  atmosphere by f i s s u r e s  i s  smal l .  The T e s t  Eva lua t ion  Panel  

(TEP) h a s  reviewed t h e  c a s i n g  and cementing p l a n  a s  w e l l  a s  the  

stemming concept .  

On the  b a s i s  of e x t e n s i v e  NTS exper ience  t h e  Panel  concluded 

t h a t  r a d i o a c t i v i t y  would be conta ined,  provided t h a t  t h e  

su r face  p ipe  c l o s u r e  was adequa te ly  engineered  t o  su rv ive  t h e  

maximum p r e d i c t e d  ground shock. 

Deta i led  c a l c u l a t i o n s  showing t h e  c l o s u r e  mechanisms a b i l i t y  

t o  wi ths tand  t h e  ground shock have been p resen ted  t o  t h e  TEP 

f o r  review. The' Panel  must be s a t i s f i e d  .on t h i s  p o i n t  be fo re  

the  d e t o n a t i o n  can proceed,  

3.5 Meteorolony and F a l l o u t  

The f a l l o u t  and c l i m a t o l o g i c a l  p r e d i c t i o n s  show t h a t  v a r i o u s  

combinat,ions of s h o t  t ime meteoro log ica l  c o n d i t i o n s  and f i r i n g  

s e c t o r s  can be  s e l e c t e d  such t h a t ,  should a n  unexpected v e n t i n g  

occur, o f f - s i t e  p o p u l a t i o n  exposures can  be he ld  below t h e  s a f e t y  . 

c r i t e r i a  e s t a b l i s h e d  by AEC/HQ. Appropr ia te  p r e p a r a t i o n s  t o  

a s su re  t h a t  exposures  r e s u l t i n g  from a n  unexpected r a d i o a c t i v e  

e f f l u e n t  r e l e a s e  w i l l  be exp la ined  i n  d e t a i l  i n  t h e  T e s t  Manager's 

Opera t ional  S a f e t y  Plan .  . . 



Environment a1  

The U. S. P u b l i c  Health' S e r v i c e  is r e s p o n s i b l e  f o r  ma in ta in ing  

a c u r r e n t  census  of human popu la t ion  and d a i r y  cow and t h e i r  

d i s t r i b u t i o n . w i t h i n  a  25-mile r a d i u s  of t h e  d e t o n a t i o n  and t o  

150 m i l e s  i n  a down-wind s e c t o r .  Summaries o f  t h i s  census  a r e  

d e p i c t e d  i n  F igures  6 and 7. , 

An e = . o l o g i c a l  survey of  t h e  a r e a  around t h e  p r o j e c t  s i t e  has 'been 

made t o  e v a l u a t e  the  seasona l  wi ld  game and range  l i v e s t o c k  

p o p u l a t i o n s  and t o  i d e n t i f y  any s i g n i f i c a n t  e c o l o g i c a l  consequences 

7 1 - 
t h a t  might ensue from c a r r y i n g  ou t  t h e  p r o j e c t .  These popu la t ions  

e x c e p t  f o r  t h e  human census  w i t h i n  25 miles, a r e  r e q u i r e d  on ly  t o  

p lan  c o u r s e s  of a c t i o n  i n  t h e  u n l i k e l y  e v e n t  o f  a c c i d e n t a l  r e l e a s e  

o f  r a d i o n u c l i d e s .  

During t h e  d r i l l i n g  o f  Ho1e.R-EX an i n c i d e n t  occurred  dur ing  

which some f l u i d  from t h e  d r i l l i n g  o p e r a t i o n  s p i l l e d  i n t o  

Bat t lement  Creek. To prec lude  any f u r t h e r  p o s s i b i l i t y  o f  t h i s  

i n c i d e n t  r e c u r r i n g  as a  r e s u l t  o f  t h e  r u p t u r e  o f  the  mud p i t  d i k e s  

o r  s p l a s h i n g  o u t  a s  a r e s u l t  of  ground motion, A u s t r a l  O i l  has  made 

p l a n s  t o  c l e a n  t h e  p i t s  and a d j a c e n t  s l o p e s  p r i o r  to  t h e  d e t o n a t i o n .  

The e f f e c t i v e n e s s  of ' t h i s  o p e r a t i o n  w i l l  be  evaluated  p r i o r  t o  t h e  

d e t o n a t i o n  t o  de termine  i f  f u r t h e r  a c t i o n s  a r e  deemed a d v i s a b l e  t o  

p r e v e n t  t h e  e n t r a n c e  o f  any contaminants  i n t o  t h e  Creek. 
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3.6 Environmental (cont  I d )  

Deleterious e f f e c t s  t o  w i l d l i f e  a s  a r e s u l t  o f  ground motion 

have been i n v e s t i g a t e d  and none a r e  fo reseen .  

3.7 A i r  Blas t  

A i r  b l a s t  p r e d i c t i o n s  have been made by Sandia Laboratory. The 

predic t ion  a t  s u r f a c e  ground z e r o  i s  0.05 p s i  overpressure .  The 

threshold f o r  damage t o  a i r c r a f t  i s  0.1 p s i  and t h e r e f o r e ,  no 

damage i s  forseen.  Damage t o  windows from a i r  b l a s t  i s  n o t  

expected s i n c e  overp ressures  are p r e d i c t e d  t o  be well  below the  

threshold a t  d i s t a n c e s  t h a t  windows are l o c a t e d .  

3.8 Eye Burn 

Eye burn p r e d i c t i o n s  have not.  been prepared  f o r  the  Rul ison Event 

because t h e  f i r e  b a l l  w i l l  be t o t a l l y  con ta ined .  

3.9 close-1; E f f e c t s  

Providing a l l  f a c i l i t i e s  a r e  t i e d  down and t r a i l e r s  blocked o f f  

t h e i r  wheels and s p r i n g s ,  damage to  CP f a c i l i t i e s  should n o t  

be excessive.  The p o s s i b i l i t y  e x i s t s  o f  blockage of Bat t lement  

Creek temporar i ly  by e a r t h  s l i d e s .  The e f f e c t s  of such p a r t i a l  

blockage a r e  p r e d i c t e d  t o  be i n c o n s e q u e n t i a l  and the r e s u l t a n t  

surge a t  the  t ime  of breaching t o  be s u b s t a n t i a l l y  d i s s i p a t e d  

before reaching the  popula ted  a r e a  downstream. Spa l l ing  o r  s u r f  ace  
I 

f r a c t u r i n g  has been eva lua ted  and i t  is p r e d i c t e d  t h a t  downward 

pe rco la t ion  of s t r eam wate r  w i l l  n o t  occur  n o r  w i l l  more t h a n  a 
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3.9 Close-In Ef fec t s  (cont 'd) 

temporary, minor dis turbance of t he  stream flow be observed. 

Measurement of the  flow before and a f t e r  the event w i l l  be made 

by USGS at a gauging s t a t i o n  near sur face  ground zero. 

3 . l o  Aftershocks 

Aftershocks i n  the  form of microtremors have been observed i n  

connection wi th  some underground nuclear  events fo r  the pas t  

several  years.  However, these  a f te rshocks  have been found t o  

be a t  l e a s t  two seismic magnitude u n i t s  l e s s  than t h e  nuclear  

explosion.  Experience with the Gasbuggy Event i n  New Mexico, the 

Shoal Event i n  an earthquake a c t i v e  region of  Nevada, and numerous 

events a t  the NTS a t  these low l e v e l s  of  y ie ld  ind ica te  t h a t  

af tershock phenomena a r e  'not measurable. 

A l i t e r a t u r e  search f o r  Colorado earthquakes of magnitude g rea t e r  

than 3 during the time period 1638-1966 was performed by the 

USC6rCS. Of t h e  300 earthquakes i d e n t i f i e d ,  none had ep icen te r s  

within 50 m i l e s  of  the Rulison S i t e .  This l ack  of seismic 

a c t i v i t y  f u r t h e r  reduces the p rc  b a b i l i t y  of de tec tab le  a f  t e r -  

8 / 
shocks from Rulison .- 

3.11 Reservoir  S t ruc tu re s  

A study of t h e  generat ion of water'waves (seiches) i n  l a k e s  o r  
. . 

r e s e r v o i r s  by ground motion and t h e  e f f e c t s  of ground motion on dams 

has  been made. With exception of s eve ra l  small e a r t h f i l l  dams a t  



3.11 Reservoir S t ruc tures  (cont 'd) 
. . 

t h e  Battlement Mesa r e se rvo i r ,  which requi re  f u r t h e r  evaluat ion,  

the  study concluded t h a t  a  hazard e x i s t s  only a t  t he  Harvey Gap 

Dam. The r e s u l t s  of t h e  Harvey Gap Dam eva lua t ion  ind ica tes  t h a t  

t h e  f ac to r  of s a fe ty  f o r  t h e  dam 1 s  approximately 1 .0  with no 

seismic loading. Therefore,  unless  the e l eva t ion  of the r e se rvo i r  

behind thedam is reduced t o  40% of i t s  spi l lway height ,  hazard t o  

t he  downstream population could r e s u l t .  

The cur ren t  evaluat ion has not been rigorous.  Consequently, 

fu r the r  contac t  with t he  Bureau of Reclamation is being made 

t o  determine i f  they have made a more r igorous analysis .  Should 

revised s ta tements  be necessary a f t e r  t h e  contact  an addendum t o  

t h i s  repor t  w i l l  be w r i t t e n .  Evaluation of t h e  Battlement Mesa 

r e se rvo i r  dams w i l l  be completed a f t e r  the  snow m e l t  allows a 

v i s u a l  observat ion and inspec t ion  of the  f a c i l i t i e s  . Seismic 

measurement of t he  response of Vega, R i f l e  Gap and Harvey Gap 

.Dams, w i l l  be taken i n  cooperation between the  ESSA/Coast & Geodetic 

Survey (Harvey Gap), and t h e  U. S. Corps of Engineers (Ri f le  Gap), 

and the U. S. Bureau of Reclamat ion (vega). (Figure 8). The 

primary purpose of the  cooperative instrumentation e f f o r t  ' i s  f o r  

research i n t o  t h e  response of dams. . 
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3.12 Mines and Gas .Wells 

The genera l  a r e a  around the  s i t e  was surveyed f o r  any a c t i v e  

o r  i n a c t i v e  mineral indus t ry  developments t h a t  might be a f f e c t e d  

by the  detonation." Within t h e  10 mi le  r a d i u s  from ground z e r o  

are . the USBM and Mobile O i l  Shale  Mines. Out t o  25 m i l e s  a r e  t h e  

Union and Colony O i l  Shale Mines, t h e  Nu Gap and Harvey.Gap c o o l  

mines and the  R i f l e  Creek Vanadium Mine. The b b i l e ,  USBM, 

Union and Colony O i l  Shale Mines a r e  r e s e a r c h  f a c i l i t i e e  t h a t  are 

n o t  c u r r e n t l y  being operated. No hazard  to  the, more d i s t a n t  mines 

i s  a n t i c i p a t e d  although some minor rock f a l l s  could occur a t  t h e  

c l o s e  i n  o i l  sha le  mines. 

101 
The d i s t a n c e  t o  the  nea res t  g a s  w e l l  i s  2.8 m i l e s . T h e  n e a r e s t  

p roduc t ion  we l l  f o r  the  Gasbuggy Event experienced motions over 

10  t i m e s  t h a t  an t i c ipa ted  a t  t h i s  w e l l  from Rulison wi th  no adverse  

e f f e c t s .  

4.0 EFFECTS PROCRAMS 

4.1 Seismic Instrumentat ion Program 

For  t h e  Rulison Event, the  ESSA/C&GS S p e c i a l  P ro jec t s  P a r t y  

w i l l  f i e l d  30 seismic instruments.  (Table 11) These ins t ruments  

w i l l  measure motions a t  populated l o c a l i t i e s  and provide d a t a  

f o r  e x t r a p o l a t i o n  of motions to  be expec ted  from any . l a r g e r  

e v e n t s  i n  the  same area.' I n  a d d i t i o n ,  t h e  Bureau of Reclgnation 



4.1 Seismic Ins t rumenta t ion  Program (cont  'd) 

and t h e  Corps of Engineers w i l l  coopera te  i n  o b t a i n i n g  

measurements of t h e  response of dams t o  t h e  induced ground 

motion. The U ,  S. Bureau of Mines (USBM) w i l l  i n s t a l l  

ins t ruments  i n  a nearby o i l  s h a l e  mine t o  measure roof 

v i b r a t i o n s  and d e f l e c t i o n s ,  p i l l a r  s t r a i n  and microseismic 

n o i s e  r a t e s  t h a t  may be c r e a t e d  by t h e  Rulison ground mction. 

These measurements w i l l  enab le  t h e  USBM t o  determine t h e  response  

o f  t h e  mine and e v a l u a t e  whether t h i s  response i s  damaging. 

TABLE I1 

ESSA/C&GS SEISMIC INSTRUMENTATION PLAN 

Dis tance  (mi les)  
& Bearinn 

Distance ( m i l e s )  
& Bearinn S t a t i o n  

Control  P o i n t  

Eames Orchard 

S t a t i o n  

3 miles Union Carbide 
Corp . 

De Beque 

Lemon Ranch 

Col lbran 

Grand V a l l e y  
Tosco Mine 

Ranch 

Rul i son  
Canyon 

Harvey Gap 
Anvil  P o i n t s  

Mesa 
Mobil Mine 

(en t rance)  
S i l t  

R i f l e  



4.1 Seismic Ins t rumenta t ion Program 

TABLE 11' (cont 'd)  

New C a s t l e  24. 60 Delta 45.8 
N 6 4  E . S 9  W 

Cameo 25 .80 Aspen 60.0, 
S 49 W S 78 E 

Glenwood Spr ings  34.0, Rangely 63.0, 
N 71 E N 5 6  W '  

Cedaredge 36.4, Montrose 64.8 . 
S 04 E S 5O E 

Grand J u n c t i o n  40. O0 Denver 154.0 
S 5 4  W N 81' E .  

Meeker 42.0' S a l t  Lake Ci ty  220.0 
N 01 E N 65' W 

Paonia 38.0 
S 27' E 

S t r u c t u r a l  Response Propram 

JAB w i l l  conduct "condit ion surveys" of s e n s i t i v e  s t r u c t u r e s  

from c l o s e - i n  a r e a s  t o  d i s t a n t  a r e a s  such a s  Grand Junction,  

Montrose and Aspen t o  document t h e i r  condit ion before and a f t e r  

t h e  Rulison Event and t o  determine i f  damage i s  caused by ground 

motion from t h e  detonat ion.  JAB w i l l  present  a  program f o r  

b rac ing  s t r u c t u r e s  (such a s  chimneys) t o  minimize damage, f i v e  

weeks be fore  t h e  event .  Some pass ive  displacement may 

be i n s t a l l e d  on t h e  s t r u c t u r e s  chosen f o r  d e t a i l e d  study. These 

pass ive  gages w i l l  be monitored pe r iod ica l ly  pre-shot, immediately 



4.2 S t r u c t u r a l  Response Program (cont 'd) 

p r i o r  t o  t h e  de tona t ion ,  and subsequent t o  the  d e t o n a t i o n  

t o  de termine  i f  any movement on e x i s t i n g  cracks i s  due t o  the 

de tona t ion  i t s e l f  o r  t o  na tu ra l  phenomena. 

4.3 Hydrologic S a f e t y  Program 

The U. S. Geologica l  Survey Water ~ e s o u r c e s  Divis ion  has 

inven to r i ed  and sampled a l l  water we l l s  and 90% of  the  spr ings  

w i t h i n  lOkm of t h e  detonation point  (See note paragraph 3.3) 

and w i l l  t a k e  measurements of the  flow i n  Battlement Creek t o  

determine t h e  e f f e c t  of the  detonation on the  ground and surface  

water  s u p p l i e s  and flow. Several of the  samples w i l l  be chemically 

and rad iochemica l ly  analyzed pre-  and pos t -detonat ion  t o  determine 

i f  any change h a s  r e s u l t e d  a s  a  consequence of t h e  detonation.  

The remaining samples w i l l  be analyzed only i f  a  complaint i s  

rece ived  pos t -even t  regarding the  q u a l i t y  of t h e  water  a t  t h a t  

l o c a t i o n .  P a r t i c u l a r  a t t e n t i o n  w i l l  be paid t o  wa te r  l e v e l s ,  

flow measurements and s t r u c t u r a l  condi t ions  of  e x i s t i n g  wells and 

s p r i n g s  t o  be  c e r t a i n  any post-event claims of damage can be 

adequate ly  i n v e s t i g a t e d .  Evaluation of the  event  e f f e c t s  w i l l  be made 

t o  de termine  i f  any abnormal r e s u l t s  would war ran t  r e v i s i o n  of 

pre-event  ground water  contamination p red ic t ions  or whether i t  i s  

necessary  t o  d r i l l  any post-detonation hydrologic moni to r ing .we l1~ .  



No microbarograph program w i l l  be f i e l d e d  on Rulison. 

4.5 Bioenvironmental 

P rov id ing  no s i g n i f i c a n t  r e l e a s e  of r a d i o a c t i v i t y  occurs 

pos t -detonat ion  t h e  only  e f f o r t  r e q u i r e d  w i l l  be t o  evaluate 

any p o s s i b l e  damage t o  t h e  e c o l o g i c a l  system caused d i r e c t l y  

o r  i n d i r e c t l y  by t h e  p h y s i c a l  e f f e c t s  of t h e  ground motion. 

4.6 Mines and Gas Wells 

Mine c o n d i t i o n  surveys  conducted by t h e  U. S. Bureau of Mines 

(USBM) w i l l  include t h e  R i f l e  Creek, Nu Gap, Cameo and Mobile, 

USBM, Union and Colony O i l  Shale Mines. I n  add i t ion  t o  the  

surveys ,  some ins t rumehta t ion  w i l l  be  emplaced i n  the Mobil 

o r  .USBM o i l  sha le  mine t o  measure t h e  response  of the  mine t o  

t h e  induced ground motion. 

The f i v e  gas  we l l s  ( inc lud ing  R-EX) t h a t  exist wi th in  a f i v e  m i l e  

r a d i u s  o f  the  s i t e  w i l l  be examined and photographed i n  d e t a i l  

p r i o r  t o  t h e  de tonat ion .  These w e l l s ,  a l l  owned o r  con t ro l l ed  

by A u s t r a l  O i l  Company, Inc . ,  w i l l  a l s o  be  inves t iga ted  and 

photographed a f t e r  t h e  e v e n t  t o  document whether o r  not  damage 

occurred.  

5.0 EFFECTS PREDICTION SUlMRY 

The T e s t  Manager w i l l  d e f i n e  i n  t h e  Opera t iona l  Sa fe ty  Plan any 

p recau t ionary  measures t h a t  w i l l  be i n s t i t u t e d  t o  minimize the  



5.0 EFFECTS PREDICTION SUMMARY (cont  'd) 

p o s s i b i l i t y  of i n j u r y  t o  persons  o r  damage t o  p roper ty ,  both  on 

and o f f  t h e  Rulison S i t e .  A summary of t h e  hazards  p r e d i c t i o n s  

t h a t  w i l l  be considered is  a s  . fol lows:  

Peak h o r i z o n t a l  ground motion p r e d i c t i o n s  t o  a r a d i u s  o f  4.6 m i l e s  

a r e  i n  excess o f  .3g and t h e r e f o r e ,  a  hazard could e x i s t  t o  a l l  

non-par t ic  i p a t i n g  personnel  i n  t h a t  area. Within t h a t  a r e a ,  f r a g i l e  

hanging o b j e c t s  not  removed t o  a  s a f e  l o c a t i o n  could be damaged and 

gas and e l e c t r i c i t y  n o t  d isconnected could p o s s i b l y  cause  a  f i r e .  

In  t h e  town of Grand Valley,  a t  the  Anvil  P o i n t  Research S t a t i o n ,  

and a t  va r ious  smal l  ranches o u t  t o  a r a d i u s  o f  8.. 7 miles, personnel  

not o u t s i d e  and away from s t r u c t u r e s  t o  a t  least a  d i s t a n c e  of  

two b u i l d i n g  h e i g h t s  could be i n j u r e d  as a  r e s u l t  o f  damage t o  

s e i s m i c a l l y  s e n s i t i v e  s t r u c t u r e s .  At  t h e  Union Carbide P l a n t  

west o f  R i f l e ,  personnel  n d t  i n s t r u c t e d  t o  remain c l e a r  of c o n c r e t e  

block s t r u c t u r e s  and tanks  dur ing  t h e  even t  could be  i n j u r e d  a s  a 

r e s u l t  of minor damage t o  t h e s e  s e i s m i c a l l y  s e n s i t i v e  s t r u c t u r e s .  

Should t h e  event  be detonated o n  school days o r  when schoo ls  

may be occupied i n  t h e  towns o f  R i f l e  and ~ o l l b r a n ,  s t u d e n t s  

o u t s i d e ,  away from t h e  b u i l d i n g s  d u r i n g  t h e  even t  wou'ld not  be 

i n j u r e d  o r  would n o t  be expected t o  panic .  A t  r e s i d e n c e s  i n  t h e  

nearby a r e a ,  p r i m a r i l y  those  c l o s e r  than 15  m i l e s ,  t h e  p o s s i b i l i t y  

e x i s t s  t h a t  p r e c a r i o u s l y  balanced o b j e c t s  and b r ic -a -b rac  could f a l l  

i f  n o t  removed o r  secured.  



5 .0  EFFECTS PREDICTION SUMMARY (cont  ' d) 

A hazard cou ld  e x i s t  a t  t h e  Cameo e l e c t r i c a l  g e n e r a t i n g  p l a n t  

should pe rsonne l  be i n  h i g h  p laces  o r  p reca r ious  p o s i t i o n s  a t  

t h e  time o f  t h e  event .  

P o s s i b l e  rock  f a l l s  and l a n d s l i d e s  could  occur on i n t e r s t a t e  

Highway 70 and t h e  Denver and Rio Grande Ra i l road  i n  De Beque 

Canyon from a  p o i n t  j u s t  e a s t  of P a l i s a d e s  t o  t h e  v i c i n i t y  of Akin 

Siding.  P o r t i o n s  of  t h e  highway from R i f l e  through Glenwood Spr ings  

a l s o  could be s u b j e c t  t o  rock f a l l  haza rds .  

Rock f a l l s  cou ld  a l s o  occur  on S t a t e  Highway '75 a t  i t s  junc t ion  

w i t h  I n t e r s t a t e  Highway 70 t o  . t h e  i n t e r g e c t i o n  o f  S t a t e  Highway 

333. An a d d i t i o n a l  s h o r t  s t r e t c h  o f  Highway 330 i n  t h e  v i c i n i t y  

of Molina may a l s o  exper ience  rock f a l l s .  P o r t i o n s  o f  Highway 789 

between R i f l e  and Rio  Blano p a r a l l e l i n g  t h e  base of h igh  c l i f f s  of t h e  

Grand Hogback and canyon p o r t i o n s  of t h e  roads  t o  R i f l e  Gap and 

Harvey Gap Dams and through Parachute Creek to .  ' the  Tosco f a c i l i t y  

have p r e c a r i o u s l y  balanced rocks  and rock f a l l s  occur a t  t h e s e  

, l o c a t i o n s  from n a t u r a l l y  occur r ing  phenomena. 

Within  50 m i l e s ,  any person i n  a p reca r ious  p o s i t i o n  a t  s h o t  t i m e  could  

become s t a r t l e d .  The motion i s  not expected t o  be severe .  However, 

i f  a  person i s  i n  a  p reca r ious  p o s i t i o n  a t  s h o t  time, h e  could become 



5.0 EFFECTS PREDICTION SUMMARY (cont ' d )  

s t a r t l e d  and poss ib ly  l o s e  h i s  foo t ing ,  P r e c a r i o u s  p o s i t i o n s  might 

i n c l u d e  l adders  .or  s c a f f o l d i n g ,  s t a n d i n g  on r o o f s  o r  h i g h  w a l l s ,  e t c .  

The motion t h a t  may be experienced a t  t h e  c l o s e r  l o c a t i o n s  would be 

of r e l a t i v e l y  h i g h  frequency and may be somewhat analogous t o  

s t a n d i n g  near  a  r a i l r o a d  t r a c k  when a  t r a i n  passes .  F a r t h e r  from 

t h e  de tona t ion  (probably a t  d i s t a n c e s  g r e a t e r  than 15 mi les)  t h e  

motion w i l l  impar t  more of a  swaying s e n s a t i o n .  

The fo l lowing  mines w i l l  be inc luded i n  t h e  pre-  and post -shot  

s a f e t y  i n s p e c t i o n  program. These mines, t h e  remaicing o p e r a t i n g  

mines w i t h i n  25 mi les  may wish t o  evacua te  t h e i r  f a c i l i t y  i f  they 

a r e  n o t i f i e d  of t h e  d a t e ,  t ime of d e t o n a t i o n ,  and any delays.  

Mine - Operator  Miles t o  GZ 

R i f l e  Ck (vanadium) Union Carbide 2 2 

Nu Gap (coal )  Henry & Louis Bendet t i  2 0  

USBM ( o i l  s h a l e )  Dept. o f  I n t e r i o r  10 

Mobile ( o i l  s h a l e )  Mobile O i l  Co. 10 

Union ( o i l  s h a l e )  Union O i l  Co. 

Colony ( o i l  s h a l e )  Cleveland-Clif  f  s I r o n  Co. 17 

Cameo (coa l )  J u a n i t a  Coal & Coke Co. 26 



5.0 SEISMIC SAFETY RECOMMENDATIONS ( con t ' d )  

As i n d i c a t e d  i n  S e c t i o n  3,11, i t  i s  p o s s i b l e  t h a t  t h e  Harvey Gap 

Dam c o u l d  f a i l  a s  a r e s u l t  o f  t h e  minor  a d d i t i o n a l  loading  of  t he  . . 

dam by t h e  s e i s m i c  motion i f  t h e  dam d o e s  n o t  have t h e  r e s e r v o i r  

l e v e l  reduced .  I n v e s t i g a t i o n .  is p roceed ing  t o  determine the .  a r e a s  

d q m s t r e a m  t h a t  could  be a f f e c t e d  by t h e  dam f a i l u r e  and r e s u l t i n g  

f l o o d i n g .  



Ref el-cnccs: 

1. Project Rulison Definition Plan, CER Geonuclear Corp., Mar. 26, 1969. 

2. S u m o r y  Report of Predictions, Rulison Event, NVO-1163-180, 
Environmental Research Corporation. 

3.  ~nventory  of Structures,  Project Rulison, WO-99-60, 
John A .  Blunae & Associates Research Division. 

4. Pre-Shot Predict ion of s t ruc tu ra l  Effec ts ,  Project Rulison, NVO-99-61, 
' John A.  Blume & Associates Research Division. 

5 .  Geology and Hydrology of the Project  Rulison Hole, Garfield County, 
Colorado, USGS-474-16, Apri l  4, 1969. 

6. Radioactivity i n  the  Hydrologic Environment, Project  Rulison Final 
Report, Apr i l  11, 1969, Isotopes, A Teledyne Company. 

7. Bioenvironmental Safety Considerations, Rulison Event, R.  G. Ful ler ,  
Bat tel le  Memorial I n s t i t u t e  (Draft  ) 

8. Earthquakes i n  Colorado, Memorandum, K. W. King, ESSA/C&CS t o  
D. H. Edwards, NVOO, dated Apr i l  10, 1969. 

9. Mineral Industry Development i n  t h e  Vic in i ty  of Project  Rulison, 
Garfield Coynty, Colorado, U. S. Bureau of Mines Memorandum 
Report February '28, 1969. 

10. Proposed Gasfield Survey - Project  Rulison, Memorandum Don C .  ward, 
U .  S. Bureau of  Mines, t o  Donald H. Edwards, NVOO, March 28, 1969. 



U NlTEO STATES 
ATOMIC ENERGY COMMISSION 

N E V A D A  O P E R A T I O N S  OFFICE 
P. 0. BOX 14100 

L A S  VEGAS. N E V A D A  891 14 

M r .  Robert E. Miller 
Manager 
Nevada Operations Off i c e  
U. S. .Atomic Eaergy Commission 
P. 0.  Box 14100 
Las Vegas, Nevada 89114 . , 

A p r i l  11, 1969 

Dear. M r .  Mi l ler :  

The members of the  NVOO S a f e t y  Panel  of Consul tants  met on A p r i l  11, 
1969 a t  Las Vegas. The Panel  reviewed t h e  ground motion and s t r u c t u r a l  
response p red ic t ions  f o r  Event Rulison and considered i n  some d e t a i l  
t h e  s a f e t y  aspects  of t h e  program f o r  t h i s  event .  This r e p o r t  con ta ins  
t h e  comments and recommendations o f  t h e  Panel on t h i s  topic .  

The Panel reviewed d a t a  p resen ted  t o  it on p r e d i c t e d  ground motions from 
t h e  detonation and t h e  n a t u r e  and p o s s i b l e  e x t e n t  of damage t o  s t r u c t u r e s  
a t  va r ious  d i s t a n c e s ,  t h e  p o s s i b l e  damage t o  mines, the  p o s d  b i l i t y  of 

, l o c a l  rock s l i d e s ,  and t h e .  p o s s i b i l i t i e s  of f a i l u r e  of severa l  dams i n  
t h e  general  v i c i n i t y  of t h e  s h o t .  The Panel  a l s o  reviewed t h e  pre- 
caut ionary  measures proposed t c  accommodate the motions and damage 
p o t e n t i a l .  In  genera l ,  t h e  Panel  f e e l s  t h a t  t h e  predic t ions  of  motion 
a r e  reasonable and c o n s e r v a t i v e  and t h a t  the e s t i m a t e s  of damage t o  
s t r u c t u r e s  a r e  i n  accord w i t h  previous  exper ience  . and general  s c i e n t i f i c  
concepts.  

The precautionary measures proposed appear adequate and we f e e l  t h a t  
damage o r  f a i l u r e  of s t r u c t u r e s  c l o s e  t o  ground zero  have been evaluated  
and measures suggested t h a t  w i l l  avoid  danger t o  personnel and domestic 
animals.  The proposed c o n t r o l  of t r a f f i c  i n  a r e a s  vulnerable  t o  rock  
f a l l s ,  rock s l i d e s  and s l o p e  f a i l u r e  w i l l  render  minimal the  dangers  
from such e f f e c t s .  Some damage may be expected i n  mines no t  c u r r e n t l y  
i n  opera t ion t h a t  a r e  c l o s e  t o  ground ze ro ,  b u t  no spec ia l  p recau t ionary  
measures appear necessary  t h e r e .  For o p e r a t i n g  mines somewhat f u r t h e r  
away, the  Panel recommends t h a t  personnel  be evacuated t o  avoid exposure 
t o  f a l l i n g  rock and noxious g a s s e s  t h a t  might be re leased by such motions. 
It would be d e s i r a b l e  t o  evacuate  t h e  mines o u t  t o  a d i s t ance  t h a t  inc ludes  
t h e  Dutch Creek Mine. 
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The Panel  reviewed t h e  d a t a  p resen ted  r e l a t i v e  t o  ground water  
contamination and f e e l s  t h a t  t h e  in fo rmat ion  presented by t h e  USGS 
i s  i n  accord wi th  p r a c t i c e s  and s t a n d a r d s  p r e v i o u s l y  accepted by 
the Panel .  I n  our op in ion  t h e r e  i s  l i t t l e  p r o b a b i l i t y  t h a t  ground 
water contamination w i l l  be a problem. The Panel  is  i n  agreement 
with t h e  proposed hydrologl c  s a f e t y  and non i to r ing  program desc r ibed  
i n  the r e p o r t  "Effects  Evaluat ion - P r o j e c t  Rulison",  da ted  A p r i l  1969. 

I n  genera l ,  t h e r e f o r e ,  i n  a l l  r e s p e c t s  save  one,  t h e  Panel  f e e l s  t h a t  
the s a f e t y  program f o r  Rul ison i s  a c c e p t a b l e  and a p p r o p r i a t e .  However, 
we f e e l  t h a t  we must make an excep t ion  t o  t h i s  s t a tement  i n  regard  t o  
s a f e t y  of  Harvey Gap Dam. I n s u f f i c i e n t  informat ion has  been made 
a v a i l a b l e  regarding the  p r o p e r t i e s  of t h e  m a t e r i a l s  of which t h e  dam 
i s  cons t ruc ted ,  t h e  na tu re  of t h e  o u t l e t  works, and t h e  p resen t  f a c t o r s  
of s a f e t y  of t h e  dam with r e g a r d  to  f a i l u r e  h v e n  w i t h o u t  ground motions 
r e l a t e d  t o  a nuc lea r  t e s t ,  The Panel  cannot a c c e p t  wi thout  r e s e r v a t i o n s  
a precaut ionary  measure t h a t  would avoid  damage by lowering t h e  wa te r  
l e v e l  i n  the  r e s e r v o i r  behind t h e  dam before  t h e  event .  It may n o t  
be poss ib le  t o  do t h i s  because of t h e  volume o f  inf low t h a t  i s  p r e s e n t l y  
occurr ing,  and because of t h e  l i m i t e d  s i z e  o f  the  o u t l e t  channel.  
Moreover, t h e  dam i s  bel ieved t o  be  composed o f  r e l a t i v e l y  impervious 
mate r i a l  and i f  t h i s  i s  t h e  c a s e  would be sub jec ted  t o  l a r g e  i n t e r n a l  
h y d r o s t a t i c  p r e s s u r e s  fo l lowing r a p i d  draw-down. These p ressures  may 
reduce t h e  s a f e t y  of the dam t o  t h e  e x t e n t  t h a t  a  r e l a t i v e l y  s l i g h t  
shock may r e s u l t  i n  i t s  f a i l u r e  and consequent damage t o  downstream 
areas.  There has been a f a i l u r e  o f  the  o r i g i n a l  dam which w a s  r a i s e d  
by c o n s t r u c t i o n  of a new s e c t i o n .  The new dam a p p a r e n t l y  has  experienced 
approximately four feet of  s e t t l e m e n t  s i n c e  it was cons t ruc ted .  More- 
over,  t h e r e  are evidences of  p i p i n g  near  the  s p i l l w a y  channel  and perhaps 
a t  o t h e r  p o i n t s  i n  t h e  dam. P h y s i c a l  p r o p e r t i e s  of t h e  dam m a t e r i a l  
have no t  been i n v e s t i g a t e d  nor  have c a l c u l a t i o n s  been made of  t h e  
s t a b i l i t y  of t h e  dam under s t a t i c  o r  dynamic c o n d i t i o n s .  We s t r o n g l y  
recommend t h a t  the  d e t e r m i n a t i o n  o f  the  p r o p e r t i e s  and t h e  necessa ry  
c a l c u l a t i o n s  be performed s o  t h a t  p r e c a u t i o n s  can be t aken  to avoid  
f a i l u r e  of  t h e  dam. I f  t h i s  i s  not  done, and assurance  of t h e  s a f e t y  
of the dam is no t  a v a i l a b l e  it w i l l  be necessa ry  t o  provide p r o t e c t i o n  
t o  downstream a reas .  N a t u r a l l y  t h i s  invo lves  t h e  acceptance  of f a i l u r e  
a s  one o f  t h e  e f f e c t s  of t h e  event .  The :ondi t ions  a f f e c t i n g  the  dam 
might be  l e s s  severe  i n  t h e  f a l l  when t h e  r e s e r v o i r  l e v e l  is low and t h e  
dam i t s e l f  is no t  complete ly  s a t u r a t e d .  
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The Panel recornended in a letter of 27Pebruary 1969 that Rifle Gap 
Dam, Vega Dami and Harvey Gap Dam: be instrumented to obtain 
information about their response ground motions. The Panel recommends 
that where this instrumentation is provided, the properties of the 
materials be obtained in order to permit interpretation of .the data. 

Respectfully submitted, 

\ .  
I 

/ ; "\,. 
- .  . . , I . .  . . .r:. - .. _. . . 

Dr, Don U. Deere 

. . 
I-; ' . . . , .- - / .  . i ..--. . " . * J  - .  

Dr. Lydik S. Jacobsen 
, 

. .  . .. < -. , : . ,. ,, ,,,.<',.--. ,;: < ,. ,' 
Dr. George B. Maxey I 
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